Introduction
T he proper care of animals in an animal research facility (ARF 1 ) requires humane treatment and professional assessment of the needs of both the species and the research. An ARF manager's responsibilities include coordination of the care and handling of animals, movement of materials, and safety of animal care personnel as well as efforts to ensure an environment free of pathogens. Cole (1996, 22) summed it up thus: "The major functions that are performed in an animal facility are: material movement, literally tons of material is moved miles every day; sanitation/sterilization of the environment where this work is performed; and animal handling and manipulation, some institutions handle hundreds to thousands of animals daily." With the movement of material and animals, it is no surprise that the safety of facility personnel is a vital institutional concern; as Hoskins (2003, 2) observed, "Injuries are quite common in ARFs and can have serious consequences." Effective management of both animal and material movement is thus a key consideration in facility design and operation.
The environment in which a research animal is kept is critical; according to the National Institutes of Health (NIH) Offi ce of Research Facilities (ORF 2006) policy 3B.2, "It is important to recognize that the immediate environment directly and indirectly affects an animal's biological and behavioral responses. Not only does the environment in which they live affect the quality of life, but these factors also may adversely impact the research being conducted." To help ensure that the ARF environment reduces the risk of spreading infectious disease, it is essential to sanitize all animal housing (microenvironment) and facility surfaces (macroenvironment). Wardrip and colleagues (2000, 9) offer some specifi cs: "An effective sanitization program for animal facilities must include adequate sanitization of hard surfaces of equipment, such as cages and racks, which are generally cleaned by using a cage washer or tunnel washers."
Material quality, safety, and fl ow are vital considerations not only in animal research facilities but also in manufacturing. Indeed, there are many parallels between an ARF and a manufacturing facility. As Wells (2004, 1) points out, both "are challenged with the same issues; purchasing, inventory, storage, room capacity, product (animals, racks, cages, etc.) fl ow, bottlenecks, and a host of other common concerns."
For the past few decades, manufacturing industries have applied lean manufacturing principles developed by Toyota and have achieved great gains in quality, delivery, cost, and safety. Recently, service organizations such as academic medical centers and hospitals have also begun applying lean principles with impressive results (Connolly 2005) .
Lean principles for manufacturing were originally developed by Taichi Ohno for the Toyota Motor Corporation and became known as the Toyota Production System (TPS). The impetus for their development was the lack of manufacturing resources in Japan after World War II, when many industries sought methods to reduce costs and increase productivity.
TPS empowers employees on the factory fl oor to continuously improve the processes for which they are responsible with the aim of identifying and eliminating muda, a Japanese term for process waste. Ohno identifi ed seven types of process waste in manufacturing (Womack and Jones 2003; Liker 2004): Overproduction waste: production of goods or services in the absence of corresponding demand Overprocessing waste: unnecessary processing of products Movement waste: excessive employee motion Transportation waste: excessive product motion Waiting waste (generally a byproduct of transportation waste): transportation or storage of a product to wait for the next step Inventory waste: frequently a result of overproduction Defect waste: the cause of rework and customer dissatisfaction In TPS, once these wastes are identifi ed, employees look for creative ways to eliminate them; the goal is to create a process with as little waste and as much value-added activity as possible. Value-added activities are defi ned from the perspective of the customer; thus one way to determine whether an activity adds value or not is to ask, "Is this something the customer would be willing to pay for?" If the answer is yes, then it is probably a value-added activity. The benefi ts of the lean principles embodied in TPS are effectively summarized by Bhatia and Drew (2006) : "Lean aims to optimize costs, quality, and customer service constantly. It does so by engaging and equipping employees to focus on creating and delivering value in the eyes of the customer and eliminating whatever doesn't contribute to this goal."
In 2004, Children's Hospital and Regional Medical Center in Seattle, Washington, began using lean methods to improve clinical operations with great success, and in 2007 the hospital's Research Institute began applying these same tools and methods to improve research administrative and support services. In this article we illustrate the use of lean tools and methods at the shared facility to reduce turnaround time for sanitizing animal cages and bottles, improve the fl ow of materials and delivery of services, and increase the safety of animal care personnel.
While the specifi c goals of lean implementation may vary from one vivarium to the next, the benefi ts are the same. It is very common to see higher levels of employee morale, quality, customer service, and reduced costs in a properly functioning lean organization. The use of an experienced consultant during the fi rst few lean implementations is benefi cial for training the team on lean principles and their application as well as guiding them through the process.
Methods
To begin implementation of lean methods the fi rst step was to identify an appropriate "value stream" in the Research Institute's Offi ce of Animal Care (OAC 1 ), the department responsible for the operation of the vivarium. Womack and Jones (2003, 16) provide the following defi nition of a value stream:
A value stream is the set of all the specifi c actions required to bring a specifi c product (whether a good, a service, or, increasingly, a combination of the two) through the three critical management tasks of any business: the problem-solving task running from concept through detailed design and engineering to production launch, the information management task running from order-taking through detailed scheduling to delivery, and the physical transformation task proceeding from raw materials to a fi nished product in the hands of the customer.
The target value stream for the OAC project was "equipment processing," which included all activities necessary to sanitize the cages and bottles used to house and feed animals. The "customers" for this value stream were the technicians responsible for changing mouse and rat cages.
To ensure that the process improvement initiatives encompassed all process steps in both areas, vivarium staff organized two workshops to address (1) the organization of the cage wash area and removal of waste and (2) the standardization of work, fl ow of materials, and safety of staff. There were four phases to both workshops: assessment, planning, execution, and follow-up. The assessment and planning phases were approximately 3 weeks long, the workshop itself lasted 3 days, and follow-ups were conducted 30 and 60 days after each workshop to ensure that gains were sustained and to offer the opportunity for continuous improvement. The fi rst workshop was organized by all fi ve vivarium staff with input from researchers who use the vivarium; the second workshop team consisted of two vivarium staff, a safety representative, and a researcher; and both workshops were facilitated by a project manager. Team members were recruited by the vivarium manager, who championed the project to senior management and provided material and fi nancial resources.
The fi rst workshop introduced the concept and practice of "5S," a visual organization tool developed by Toyota that includes the following steps (Liker 2004): Sort: go through all the items in the work area and dispose of those not needed; Straighten: create a place for every item in the work area and label it; Shine: keep everything clean; Standardize: develop systems and procedures to maintain and monitor the fi rst three steps; and Sustain: use management audits to maintain adherence and sustain gains.
Although the designation for any of these steps may differ depending on the reference text (e.g., "shine" may be called "sweep"), the general meaning is the same.
During the sort process, the workshop team discarded items easily identifi ed as unneeded, while those not as easily identifi ed were retained for 1 month; if during that month the item was underused or not used at all, it was removed. After sorting the cage wash area, the team straightened it and marked 1.
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Figure 2 The "dirty" area of the vivarium after 5S. After the area was 5S'd, locations for carts and cages were clearly marked, the air fi ltration system was moved between the sink and the washer to reduce movement and transportation waste, and the number of cages allowed in the area was standardized to reduce clutter. Figure 1 The "dirty" area of the vivarium before 5S. Before the area was 5S'd, cages would pile up and be placed randomly, the air fi ltration system was placed far from the cage washer, and carts were placed wherever there was room.
the location of carts and movable equipment with blue tape on the vivarium fl oor so that it was immediately apparent if any were out of place. Locations for other equipment were also standardized through identifi cation and proper labeling. Then the entire cage wash area was sanitized and an audit and cleaning schedule developed and implemented to sustain these procedural improvements. Figures 1 and 2 show before and after pictures of the work area.
After "5S-ing" the cage wash area, OAC staff looked for process waste. The team fi rst mapped the process by following a load of cages and bottles and documenting and timing each step (Figure 3 ). The initial step was the cage wash, which consisted of dumping the bedding from a load of cages (1 load = 72 cages), rinsing the cages by hand, loading them into the cage washer, unloading the washer upon completion of the cycle, stacking the cages to dry, and wrapping them in preparation for autoclaving. When the team members reviewed the process, they found that the step wasn't necessary. The purpose of the rinse step was to ensure that there was no residual bedding in the cages before loading them into the washer so that the washer's fi lters wouldn't become clogged; but because the fi lters are cleaned daily, rinsing the cages was an unnecessary step-an example of process waste-and so was discontinued. To ensure that removal of this step did not result in adverse effects on sanitary quality, the team processed 36 soiled cages with the rinse step and 36 without, and then left the cages on the racks to dry for 1 hour. The team then randomly chose ten cages from each group and swabbed the bottom, sides, and corners of each using 3M Quick Swabs™, after which they used 3M Petrifi lm Aerobic Count Plates™ to test the swab samples. The 3M plates indicate an acceptable bacterial colony count as 0 to 14 colonies, a moderate colony count as 15 to 25 colonies, and a heavy colony count as greater than 25 colonies. The plates were incubated at 37°C for 48 hours and then the team tallied the number of bacterial colonies on the plates: both rinsed and nonrinsed cages had a total bacterial colony count of 2, which was well within acceptable levels. The team concluded that eliminating the rinse step did not have an unfavorable effect on sanitary quality.
The staff next moved the fi ltration device, used to reduce allergens when removing bedding from cages, closer to the washer. This change of position reduced the amount of movement necessary to load cages into the washer after removal of the bedding.
Water bottles underwent more or less the same process as cages (Figure 4 ), but were prepared for the autoclave using plastic bags rather than wraps. Because the plastic bags were diffi cult to handle and caused wasted movement, the team decided it would be better to use the same wraps for the bottles as for the cages, again reducing the amount of movement for the technicians.
Finally, the team developed a kaizen board to indicate the rate of cage changes (kaizen is a Japanese term meaning "long-term betterment"; Henderson 2003) . With the schedule displayed on the kaizen board the OAC staff could pace their work throughout the week (the number of cages changed per day is shown in Figure 5 ).
For the second workshop, on standardization of work, fl ow of materials, and personnel safety, OAC staff solicited the participation of a safety representative and a researcher to offer an outside perspective, an important element of process improvement workshops as such participants may question steps taken for granted by those close to the process (NSRP 2002) . The workshop team began, once again, by walking through the process to identify and time steps and to record the number of cages and bottles between steps. After mapping the entire process, the team identifi ed wasteful steps (Table 1) and then brainstormed and implemented solutions to reduce them while at the same time standardizing the process and improving safety. The team noted that it was necessary to change the vertical racks that held cages in the washer to a fl at rack for washing bottles. Unfortunately, the fl at rack was very heavy and required two people to change it safely. But although this teamwork was policy, the group observed that it was rarely followed and, upon investigating further, learned that it was often time consuming to fi nd a second technician to help change the rack. To overcome this inconvenience, the safety offi cer purchased two-way commercial radios and placed them in different work areas to make it easier for OAC staff to communicate and request help. Furthermore, the team developed standard steps for changing the fl at rack using proper body posture. Last, the team documented these steps and created a poster with descriptive photos and placed it above the washer. The team used the poster approach throughout the vivarium to standardize steps and provide visual references for seasoned as well as new and temporary staff. These measures could not force technicians to follow policy, but certainly made it easier for them to do so.
The team also assessed autoclaving procedures. The autoclave can hold 12 bundles, each with six wrapped cages. To wrap the bundles, the technician would remove one wrap at a time from the storage bin and lay it on the work surface, and repeat this process twelve times. The team changed this practice to the removal of 12 wraps at a time, for both cages and water bottle baskets, reducing the unnecessary movement of bending and twisting 11 times. The reduction in the amount of twisting and bending not only reduced unnecessary movements and saved time but also resulted in better occupational safety (Hoskins 2003) .
A further goal of the workshop was to reduce the amount of buffer inventory in the system. The vivarium changed 1245 cages per week, both barrier (those requiring wrapping and autoclaving after sanitization) and nonbarrier ( Figure 5) , and had an inventory of 2100 cages, thus a buffer inventory of 855 cages. Although "Buffer and safety resources help ensure that customer demand is met under all conditions" (Tapping and Shuker 2003, 37) , the excess inventory caused storage and movement problems for the OAC staff and needed to be reduced. Upon examination of the cage change schedule, the team discovered that Tuesdays through Thursdays were the busiest days for the vivarium staff, during which they changed about 300 cages a day (Figure 6 ). They decided that a buffer inventory of 150% of the greatest daily demand was suffi cient Number of chages changeed in vivarium per week. Barrier cages required wraps for autoclaving while conventional cages do not. Total number of cages changed in one week is 1245.
to ensure that enough cages were available in case the washer malfunctioned or any other event impaired the staff's ability to process equipment. A buffer inventory of 150% of the greatest daily demand meant that there should be no more than 450 empty cages in the vivarium at any time. After determining this quantity, the team decided on a location for it (the location and levels of inventory directly affect the movement of cages throughout the facility).
To smooth the fl ow of materials through the vivarium and ensure that buffer inventory was not exceeded, the group created a kanban system. Kanban, a Japanese term for a sign or symbol, generally refers to a sign to produce or deliver something and is used extensively in manufacturing operations, in both Japan and North America, to ensure that materials are available "just in time" (Liker 2004) . The team selected a very simple kanban system for the vivarium, placing the cart with dirty cages against the wall and taping the fl oor around it to indicate its designated spot. The OAC workshop team then stacked the maximum number of cages they wanted on the cart (72, the most the cage washer can hold) and taped the wall at that level. They did the same thing in the clean area and in the pass-through area, where autoclaved cages are staged for use. The distribution of cages was as follows: 72 in the dirty area, 72 in the washer, 150 in the clean area, and 150 in the pass-through area.
The bottle area was relocated next to the sink to reduce the amount of movement and transportation required of technicians. An area for bottles was taped by the sink and the maximum number of bottles permitted in that area was 192 (12 baskets), the number that can fi t in the washer. As with the cage kanban, the bottle kanban gave technicians a visual cue of the available capacity in the wash room for more cages or bottles.
Results
Overall waste reduction was 13% (Table 1) , resulting in a 34% reduction in cage turnaround time (Table 2 ) and an 8% reduction in bottle turnaround time (Table 3 ). The reduction in movement waste also helped increase the safety of technicians by minimizing repetitive, bending, and twisting motions. Reduction of buffer inventory by over 50% (Table 1) resulted in less clutter in the cage wash area and improved safety and the fl ow of materials.
The application of 5S principles to the cage wash area, in the fi rst workshop, freed 7.5 square feet of counter space, which is now used to dismantle dirty cages for the wash process. Researchers using the space have also reported benefi ts such as a reduction in time spent searching for equipment and materials.
The removal of the rinse step decreased turnaround time by 4.43 minutes (Table 2 ) and also increased safety by reducing the amount of repetitive movement (Hoskins 2003) . By moving the bedding removal air fi ltration device closer to the cage washer, the team further reduced both movement waste (Table 1 ) and the amount of time required to load cages into the washer (a 43% improvement; Table 1 Process analysis chart by 27%. And by changing the material used to wrap bottles from a plastic bag to the same wraps used for cages, the team reduced wrapping time for bottles by 6% (Table 3) .
Conclusions
The workshops at the Seattle Children's Hospital Offi ce of Animal Care facility had an immediate benefi cial impact on its operation: the teams improved the quality of the macroenvironment, facilitated the movement of materials, increased safety, and enhanced customer service. The OAC staff is now visually able to determine when they reach capacity in the dirty and clean cage areas through the use of 5S, standardization, and kanban. Visual cues provide timely information about the status of equipment processing operations and enable staff to adjust their production to reduce waste. More importantly, a culture of improvement has taken hold in the OAC, empowering technicians to make changes to satisfy both the institution, through increased safety and employee morale, and customers, through a reduction in turnaround time and increase in macroenvironment quality. And as the vivarium at Children's Research Institute grows, lean techniques will help ensure the continuation of streamlined and standardized operations. These improvements create an enhanced working environment for staff and researchers, helping to advance Children's Research Institute's mission of conducting research to prevent, treat, and eliminate pediatric diseases. 
